Electronic health records (EHRs) have the potential to advance the quality of care, but studies have shown mixed results. The authors sought to examine the extent of EHR usage and how the quality of care delivered in ambulatory care practices varied according to duration of EHR availability.
Introduction
Electronic health records (EHRs) have the potential to advance the quality of health care by providing timely access to patients' health information, tracking patients over time to ensure that they receive guideline-recommended care, and offering decision-support mechanisms to reduce medical errors. [1] [2] [3] [4] [5] [6] However, cross-sectional studies have failed to show a direct correlation between having an EHR and high levels of quality of care, 7, 8 suggesting that simply having an EHR may not be sufficient to improve quality and safety of health care. Nonetheless, randomized controlled trials demonstrate clearly that quality improvement occurs when specific decision support is in place. 9, 10 Other factors, such as presence of order entry and better training and implementation of EHR systems, are likely also needed to achieve higher levels of quality and safety. 11 In addition, it is conceivable that quality and safety benefits of EHR adoption and use may be time-dependent, possibly taking some years after implementation to occur, as users become more facile with the applications. 12, 13 As with other new technologies, 14 there may be considerable lag in comprehensive usage and consequent delay in realizing the benefits attributable to EHR adoption. Therefore, we undertook the present study to examine how the quality of care delivered in ambulatory care practices varied according to duration of EHR adoption and usage.
Methods
The study design involved two data sources: (1) a statewide survey of physicians' adoption and use of EHR and (2) statewide data on physicians' quality of care as indicated by their performance on widely used quality measures. These two sets of data were integrated and linked for each included physician. We examined the relationship between EHR adoption and quality of care in two ways. We first examined the cross-sectional relationship between having an EHR and concurrent indicators of quality of care. Then, we carried out a longitudinal analysis to study the trend of EHR adoption and usage as well as to examine the association between the duration of EHR usage and quality of care.
Statewide Survey of Physicians' Use of Electronic Health Records
In 2005, we surveyed a representative sample of physicians in Massachusetts regarding adoption and use of EHRs. The methods for sampling, questionnaire development, survey administration and data collection have been described elsewhere. 11 The following presents a brief summary of the methods. The survey and research protocol were approved by the Human Studies Committee of Partners Healthcare.
Participants
Of 6,174 active medical and surgical practices in Massachusetts, we drew a stratified random sample of 1977 practices and then randomly selected one physician per practice. After excluding ineligible practices and physicians, the remaining sample included 1884 physicians, of whom 1,345 (71%) responded to the survey. We further excluded respondents who indicated that they do not see any outpatients or who did not complete the principal questions on EHR prevalence, resulting in 1,181 respondents for subsequent analysis. Demographic characteristics of respondents and non-respondents were similar.
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EHR Adoption and Use
An eight-page questionnaire collected demographic and practice information, as well as measures of health information technology (HIT) adoption and usage. For this analysis, we used the reported date of EHR adoption, use of EHR features, demographics and practice information. Respondents indicated how long they had been associated with their main practice and if their main practice had an EHR. If a practice was currently using an EHR, respondents indicated when their practice first began using it and noted which EHR features were available and, if available, the extent to which they used each feature (most or all of the time; some of the time; do not use). The EHR features are listed in Table 1 . Because we hypothesized that certain essential EHR functions would be more likely than others to be associated with quality of care, we took the following approach to define these key features. Starting with the Institute of Medicine's eight core EHR functions, 15 a government advisory panel identified four functions essential to a functioning EHR 16 : "health information and data", "result management", "order entry management" and "decision support"; we added "electronic communication and connectivity" and mapped use of the ten features included in our survey to these five core EHR functions, as shown in Table 1 .
In addition, to assess financial considerations, respondents were asked to indicate whether their practice's income or their personal earnings were eligible for incentive payments for quality of care, patient satisfaction, adoption of HIT, or actual use of HIT.
Statewide Data on Physicians' Quality of Care
Data Source and Measures Table 2 .
Definitions of Performance on Quality Measures
Each physician's performance on individual HEDIS® measures was defined as the proportion of patients receiving the required care among the eligible patients for that measure. We created an annual score for each physician for each of the six clinical categories for which they were eligible by summing the numerators for each of the component HEDIS® 
Data Analysis
All analyses were performed with SAS statistical software (version 9.1; SAS Institute, Inc, Cary, NC, United States). All p values were 2-tailed, and p Ͻ 0.05 was considered statistically significant. We determined the proportion of physicians whose main practices had EHR available and the characteristics of individual physicians and their practices. We further compared these characteristics between physicians with and without EHRs using two-tailed 2 tests and t tests.
If a physician indicated in the 2005 survey that a feature was available in his or her EHR system, we assumed that the feature had been available since the time when the practice first began using an EHR. The same assumption was also applied to the extent of usage of the EHR feature. Based on these assumptions, we estimated EHR adoption and availability and use of EHR core functions by year.
We compared the HEDIS® quality measures of respondents to the length of time using an EHR. We calculated each physician's duration of EHR use based on responses to how long the physician's practice had been using an EHR and how long the physician had been working in that practice. We placed physicians into the following categories: No EHR use; Ͻ 1 year; 1 year; 2 years; 3 years; 4 years; 5 years; 6 -9 years; and Ͼ ϭ 10 years of EHR use. Generalized estimating equations (GEE) regression models were used to produce adjusted mean HEDIS® rates for each of these duration categories, along with 95% confidence intervals. These analyses were adjusted for available characteristics of physicians and their practices, financial considerations regarding EHR usage and quality of care, and the year in which the HEDIS® measures were collected. The adjusted means are interpreted as the mean HEDIS® rate within each duration category, for a physician with average values for the covariates in the GEE models. In addition, to account for the variability of eligible patients per physician, we created a weight for each GEE model defined as the total number of eligible patients for each physician divided by the average number of eligible patients for all physicians.
GEE regression models were also used to assess the association between the duration of EHR usage with physicians' quality measures, and whether there were differences in quality measures between EHR users and non-users. These analyses are adjusted for the same covariates and weights as above.
Results
Characteristics of Survey Respondents
We compared characteristics of survey respondents who matched to HEDIS data and were thus included in the analyses with those who did not match and were thus excluded from the analysis. Physicians who had HEDIS® data were younger (47. 
EHR Adoption and Use of EHR Functions EHR Adoption
Among the 164 EHR adopters, 137 physicians provided the year in which their practice first began using an EHR. By 2005, the average duration of using EHR in this study population was 4.8 years. To estimate the cumulative percentage of prac- 17 †Only applied to physicians who practiced in pediatrics and family medicine.
Journal of the
tices that had adopted EHR by year, we assumed that the 27 EHR users who indicated they had an EHR, but who did not report an adoption year, were distributed by year proportionate to those who did report the adoption year. Actual reported and estimated years of adoption and cumulative adoption by year are shown in Table 4 . Only physicians who reported an actual adoption year were included in analyses examining the relationship between duration of EHR use and quality of care.
Availability and Use of EHR Core Functions
Availability and use of IOM-defined core EHR functions increased over time from 2000 to 2005 (Fig 1) . For each function assessed, the percent of physicians reporting that the function 
Quality Performance and EHR Adoption EHR Users vs. Non-users
We compared quality performance between EHR users and non-users regardless of when their EHRs were implemented. For all 6 clinical conditions, there was no difference in performance between EHR users and non-users. There was a non-significant trend suggesting better performance on cancer screening among EHR users (coefficient ϭ 0.011; 95% CI: Ϫ0.001, 0.024; p ϭ 0.08).
Longitudinal Analysis
The trend of physicians' performance on each HEDIS® measure group is presented in Fig 2A-F . For all six clinical conditions, there was no consistent pattern relating EHR adoption to physicians' performance over time. The adjusted average performance and trend for cancer screening and diabetes care showed slight variability in relation to duration of EHR use. Performance on asthma only visibly increased for EHR duration of 10 years or more. For the well-child and adolescent visit measure, only physicians who practiced in pediatrics and family medicine were included, none of whom had used the EHR for 10 years or more. Performance on behavioral and mental health and women's health appeared to fluctuate over time, with no consistent pattern observed across measure categories.
Multivariate GEE regression models showed that there was no association between duration of using an EHR and physicians' performance for each group of HEDIS® quality measures.
Financial Considerations Regarding EHR Usage and Quality of Care
Physicians who indicated that the types of electronic systems they have and the amount they use the electronic information systems contributes to their practice's income were more likely to have an EHR EHR ϭ electronic health record. *Numbers in column B were calculated using equation "27*A / 137" where 27 is the total number of EHR users who did not report an adoption year, "A" represents the number of respondents reporting an adoption year, and 137 is the total number of physicians who reported an adoption year. † Numbers in column D were calculated using numbers in column C divided by 506, the total number of included respondents in this study. 
Discussion
Studies have emphasized the adoption of EHRs, 6,18 -20 and a few studies have examined the relationship between EHR adoption and quality of care. 7, 8 However, these studies have mostly been cross-sectional, providing snapshots of frequency and characteristics of the correlation at a particular point in time. In contrast, this study provides a longitudinal view of the relationship between EHRs and health care quality, taking into account the changes in correlates over time.
Gartner
14 suggests in the "Hype Cycle" that the impact of new technologies can be characterized by a peak in benefits from the new technology due to hype or excitement followed by a period of decreased benefits and disappointment and an eventual plateau in outcomes. Such a pattern was not shown for EHRs' impact on quality of care using available datasets in our current study. There is no apparent or consistent pattern for physicians' performance over the time of using an EHR. We found no evidence that quality of care improved with increas-F i g u r e 2. A-F. display the adjusted averages of HEDIS® measure rates by the duration of EHR use for each of the six clinical conditions. The X axis indicates the years of using an EHR. "0" indicates the year of beginning implementing an EHR. Multivariate regression models shows there was no association between duration of using an EHR and physicians' performance for each group of HEDIS® quality measures. Figure 2A . Cancer Screening. Figure 2B . Diabetes Care. Figure 2C . Asthma Care. Figure 2D . Well Child and Adolescent Visit (Only included respondents who practice in pediatrics and family medicine). ing duration of EHR usage. Our findings are consistent with a previous national study by Linder, et al 7 in that, as implemented, EHR use was not associated with better quality ambulatory care. Taken together, these results suggest that simply implementing EHRs is unlikely to result in improved quality. Other strategies, such as paying more for higher quality care and ensuring that physicians are using EHRs to their full capacity through education and workflow transformation, may be essential.
Several studies have demonstrated that decision support delivered through electronic records can improve quality, [21] [22] [23] [24] [25] [26] [27] [28] [29] especially for specific domains such as preventive care and care of some chronic conditions like diabetes. 9, 10, 30 However, the level of improvement is often modest, and large gaps often persist. Furthermore, some studies have failed to show an effect of computerized clinical decision support on quality of care, especially for complex conditions. [31] [32] [33] [34] Our study showed that the usage of decision support among EHR users was quite low, only 23.5% in 2005, compared to its availability, which was 65.0% among EHR adopters. To improve quality of care, it is becoming increasingly clear that implementing an electronic record is not sufficient and this tool needs to be coupled with other system supports such as registry functions, and care delivery transformations such as team-oriented approaches. In the UK, with the combination of near-universal EHR implementation, decision support, and substantial pay-for-performance, very high levels of quality performance have been achieved, although it is debatable which of these factors has been most important. [35] [36] [37] In the United States, a great deal of emphasis has focused on the adoption of EHRs, with the implicit assumption that improved quality will result. According to our estimates, the EHR adoption rate in Massachusetts has increased relatively rapidly in the last two decades. It was less than 1% before 1990s, around 12% in 2000, and then doubled in the succeeding five years, from 16% in 2001 to 32% in 2005. To achieve the national goal of universal EHR adoption by 2014, 38 the 2005 EHR adoption rate will need to triple in less than a decade, which represents a challenge for health care policy.
For the use of key EHR functions, our study shows that the usage of health information and results management had grown at the same pace as their availability. In contrast, the usage of decision support and communication were relatively low, as compared with the fast growth of their availability. Among physicians who had EHRs in their main practice, only about one-third used decision support and around half used communication features most of the time. Taken together, these data suggest that stronger incentives or more extensive programs to support physician office transformation may be needed.
Beyond decision support, other factors may be important with respect to improving quality. In particular, the presence of some specific features and functionalities in an EHR may have an important impact on quality. For example, the long-term users might have relatively mature EHRs and well-designed clinical decision support and order entry management, and they might be more willing to use these features. In contrast, short-term EHR users might only have rudimentary EHRs with limited functionalities. They may not use these functions even if they are available within their EHR. Our survey did not record the length of time using specific EHR features, which prevented us from being able to determine the associations between the duration of using a specific EHR feature and quality of care. This analysis should be considered in future studies.
In addition, the sample sizes for long-time users were relatively small. For example, the EHR adoption rate was low in 1995, around 2.8% according to our study; therefore, in 2004 we only had 9 physicians who used an EHR greater than or equal to 10 years. Although we applied 4 years of repeated HEDIS® measures, we were unable to interpret and report the trend for quality measures, which had wide variations, thereby limiting our ability to detect differences which might become apparent with a larger sample.
Several additional limitations of this study should be considered. First, as in any observational study, unmeasured confounding factors may have obscured true associations; our models included all available covariates to control for confounding to the greatest extent possible. Secondly, we used HEDIS® rates to measure physicians' quality performance. Most HEDIS® measures examine the provision of preventive care and care for specific diseases. Although HEDIS® measures have been widely used by researchers and other healthcare related entities, they are derived from claims data. Actual clinical data may provide a more accurate representation of the quality of physician care. Moreover, HEDIS® indicators may not be adequately sensitive to detect improvements in quality of care attributable to the adoption and use of EHR. We also note that only physicians with adequate numbers of patients for each HEDIS® category were included in this study; excluding physicians with smaller-volume practices may have introduced some potential bias. It is conceivable that for these physicians, EHRs could be particularly useful in improving their adherence to quality measures through certain EHR features, such as reminders; this is a hypothesis that should be tested. Controlling for practice size, clinical volume, and whether the practice was hospital-based may have ameliorated some of this potential bias.
A third potential limitation is that EHR adoption and usage were self-reported by physicians, and social desirability bias may have led physicians to overestimate actual usage. Two lines of reasoning support the validity of self-reported data in this context. A nationally representative survey 6 using similar self-reported measures found similar levels of EHR usage as in our statewide survey. 39 Furthermore, our follow-up statewide survey 40 demonstrated stability of usage rates of some EHR functions and considerably increased usage rates of others, suggesting that self-reported measures may adequately detect changes of usage over time. Nonetheless, future studies should consider actual measurement of EHR usage. Finally, this survey was conducted in a single state, so the generalization of our findings to the rest of the United States may be limited.
Conclusions
In summary, our results show that there was no association between duration of using an EHR and quality of ambulatory care, and in general, EHR use was not associated with improved quality of care. Health care policies should consider strategies to increase the efficient use of clinical decision support and other possible tools to improve quality of care. Future studies may be needed to measure the relationships between the quality of care and EHR use over time.
